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n Title: ZIRCONIUM-BASED MATERIAL, ARTICLE MADE OF THE SAID MATERIAL FOR USB IN THE ACTIVE 
)NES OF ATOMIC REACTORS, AND A PROCESS FOR OBTAINING SUCH ARTICLES 



l)HB3BaBBeB3o5peTeBBB:MATEPHAJI HA OCHOBE miPKOHHH, H3ABnHE H3 dTOFO MATEPHAJIA, 
:nOJn>3yEMOE B AKTHBHOfi 30HE ATOMHblX PEAKTOPOB, H CnOCOB nOJiyHEHHH 3THX HSAEJIHa 

OAbatvBCt 

The zirconium-baaed material proposed according to the present invention containa the following components 
-oportions are given in wt%): niobium OJS to 1.5; tin 0^ to L5; iron 0.S to 0.6; chromium 0.005 to 0J2; carbon 0.005 to 0.04; 
ygen 0.05 to 0.15; silicon 0.005 to 0.15; zirconium accounting for the remainder. Hie proposed article made from the said 
ftterial for use in the sctive zones of atomic reactors has a microstnicture formed by the zirconium matrix reinforced by 
rtides of tin- and iron-containing intermetallic compoimds, at least 60 % by volume of the total quantity of the iron- 
Dtaining intermetallic compounds consisting of intermeUUic particles of the type Zr(Nb,Fe)2, Zr(Fe,Cr, Nb), and 
rNbloFe. Tbm distance between particles is 0.20 to 0.40 pm. Hie process for producing the above mentioned articles involves 
oducmg an ingot, preliminary beta-treatment thereof, production of a blanlL by hot forming the ingot at the termperature at 
aich alpha*zirconium exists, annealing the blank at a temperature of 380 to 650 ^C, cold forming the blank with 
termittent ftMopUng at the temperature at which alpha-zirconium exists, and final working of the blank to make the 
ushed product. 



npeftJiaraeMMft, corjiacHO HsoCpeTeHMO, MaTepwaJi Ha ochobc 



mipKOHHH C0j;ep3KHT CJieflyumHe KOMnOHeHTH b cjic^o^cm coot- 

HomeHHH, Mac.%: hhoCShI! - 0,5-1,5, ojiobo - 0,9-1,5, sejie- 
30 - 0,3-0,6, xpoM - 0,005-0,2, yrjiepo^; - 0,005-0,04, 
KHCJiopo^H - 0,05-0,15, KpeMHMfi - 0,005-0,15, i^hpkohhK - 
ocTEJibHoe. Hpej^jiaraeMoe HEfflejme, Hcnojib ayeMoe b aKTHBHoK 
30He aTOMHHx peaKTopoB, H3 yKasaHHoro MaTepnajia HMeeT Mincpo 
CTpyKTypy, KOTopaa npeflCTasjiHeT cofioJt ipipKOHHeBys) usiTipmjy, 
yirpoimeHHyD ^acTHiiaMH oJiOBOcoflep^Kanpix k atejiesocoflepxanpoc 
HHTepMeTaJiOTnoB , npH 3tom no MCHBinei! Mepe 60 oe-BeMHHX % 
OT o6mero KOJnraecTsa xeJie30C0Aep2:aii?Hx HHrepMeTajunijuoB coc- 
TaBJiHDT tiacTHqH HHTepMeTaJiJnmoB Tima Zr(ITb,Fe)2, 
Zr(Pe,Cr,Nb), (ZrNb)^e npH paccTOHHHH uejupy qacTH- 
i^aMH OT 0,20 flo 0,40 mkm. Cnoco6 nojiyqenHJi MSflejiHft, Hcnojib- 
3yeMijK B aKTHBHOft 30He aTOMHHX peaKTopoB, M3 yKa3aHHoro Ma- 
Tepnajia BKJiutiaeT KsroTOBJieHwe cjuiTKa, npe^BapMrejibHyD 6e- 
Ta-o6pa6oTKy cjiHTKa, nojiytieHHe saroTOBKH nyreM ropntiero 
$opMOBaHHH cjiHTKa npH TSMnepaType cymscTBOBaroiH ajiB^a-nnpico- 
HHH, OTTsstr npH TCMnepaType ot 380 p,o 650°C, xojioflHoe $opMO- 
BSHHe saroTOBKH c i^joMemyro^jHHMH oi^KiiraMH npH TeMnepaType 
cymecTBOBaHHH ajii>$a-impKOHHH h jiOBOflKa saroTOBKH flo nojiytie- 

HHJI rOTOBOrO H3«eJIHfl. 
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MATEPHAJl HA OCHCBE IjJlFKOHHfl, ViSfJ&m 
H3 3T0r0 MATEPMAM, WJlOShSmiDE B 
AKTHBHOn 30HE ATOMHHX PEAKTOPOB, M 

oiocoB nojiyHEHHa am vcBjm^ 

^ 06jiaCTb TeXHHKH 

HacTOjnuee HSodpeTeHHe othocmtca k M3roTOB;ieHMK> AeTa- 
jieVi K3 KopposHOHHocToftKHX ciwaBOB, Hcnojibsyewux B KatiecTBe 

KOHCTpyKUMOHHHX waTepHa^IOB aKTHBHOJI 30HII aTOMHHX peaKTO- 

poB, a 6ojiee KOHKpeTHo - k MaTepHajiy Ha ocHOse wpKOHiw, 
10 HSAeJiHK) H3 3Toro naTepHajia, Hcnojib3yeMOMy b aKTHBHoil 30He 
aTOMHHX peaKTopoB H cnoco6y nojiy^eHHa sthx HS^ejiiill. 
npeflmecTByxsmdl ypoBeHb TexHMKH 
K yKasBHHHM MaTepHanaM vl HSflenKHM m3 hhx npeffwiBJifl- 
eTCK n^jnOi pjm TpedoBaHHll no iipotihocthhm xapaKTepwcTiacaM, 

15 KOppOSMOHHOft CTOttKOCTM B BOflS H B CpSfle BHCOKOTCMnepaTyp- 

Horo BOflflHoro napa, no CToJiKocTH k HaBOflopoKHBaHHD, conpo- 
THBJieHHK) pajiHanjioHHoi^y pociy n nojisy^cTM. MaTepHajr ^oJiKeH 
ofijiaAaTb BHCOKHMH TexHOJioriwecKMMH xapaKTepHCTHKawM, no- 
CKojibKy npeflHa3HaTieH flfln H3roTOBJieHHH, HanpuMep, tohko- 
20 CTeHHHX Tpy6 juut o6ojiotieK tb3jiob, flKCTaHUHOHHpyniwx peme- 

TOK H flpyrHX KOHCTpyKTMBma SJieMBHTOB aKTHBHOfl 30HH aTOM- 

H£ix peaKTopoB. 

B HaHdojibmeft CTeneHH jum 3to1I uejiH nojpcoflOT MaTepwajM 
Ha nHpKOHMeBoll ocHOBe, coAepusamHe 0,5-1,5 Mac.% hmo6hh, 
25 0,9-1,5 Mac.% ojioBa h 0,3-0,6 Mac.% Kejie3a mjih b co^eTa- 
HHH c HUM ^10 0,2 Mac.% xpoMa. yKasaHHHe MaTepHajm no cpas- 
HeHHD CO cmiaBaMH, b KOToptnc coAepscaHHe TpeTbero KOMnoneH- 
Ta He npeBtnnaeT 0,28 Mac.%, odjiaflanr 6ojiee bhcokoH Koppo- 
3M0HH0ft CToftKocTbD, BKJHJuafl noBiimeHHoe conpoTMBjieHHe HOfly- 
30 JiflpHoft KopposHH, a TaKste dojiee bhcokhm conpoTHBJieHHeM pa- 
^wauHOHHOMy pocTy h nojisy^ecTH. 

HsBecTeH cnjias Ha ocHOBe uhpkohmh (su , AI,I75I222), 
coflepKaiUHft KOMnoHeHTH b cjieflyraueM cooTHomeHiiM, Mac.%: 
OJIOBO 0,9-1,2 
35 iKejie3o -0,3r-0, 6 

HM06Hti P'^"^'^ 

I^HpKOHHtt — OCTajIbHOe . 
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yKaaaKHufl cnnas hmsbt aooTaTotjHo BHcoKHe xoposMOHHO- 
MexaHtraecKHe cBoflcTsa: npeae;i npotmocTH Ha pacTaK=HH= no 
490-580 C20°C) H 275-365 rSSOOc) !flla, n.e«9^ Te^^" 
ao 345-390 C20°C) h 185-245 ;350°C) >ffia", KoppoaaoHHvB 
5 OTofiKooTb B napoBOBSHoJi oMecH npH 300°C h ofijmieHHe' ao 
*JE)eHC0B 3,7 . 10-4 ^^^^ „) „ i . iqSS (ye4D\) ^"2 .'„„ 
yBe™,eHra Beca) no 30-40 h 80-95 mt/am^. C00TBeTCTBe»H0 

100 ,aia flo a, 3-3, 6) -10-° g/t. 

HooTb K oepaBOBSHTO B cOTTKe H HE paHWK OTaBHax ero neoe- 
Jto 1,5 MKM) flocTaTowo yoToii^HBoro HBTepMBTa^a ofiora- 
15 eo^e cMaBa c bkookhmh cTenenmrn o(toTK« npHBOflHT k L- 

00 ^T«T ^««nepaTypax. t^o BHsuBaeT no^memZ ^- 

KpoMe Toro, hoomotp;! na npimsHemie /3 -ofipaCOTOx p to 

c. «ocTa.o^o Kpj^e («o 1,0 „km) ^OT^^^ieHcoaS^r- 
25 mux Btrrepi^eTaraHKOB, b tom tomg ZxSej ^ posvr^^r 

^«^ep„eTa.^0B npK Te.oepa.,T:ax poKpHcTa^, 

^ H3 yKaaaHHoro cmiaBa. Ha^e kp™ ^acTm- ^ep,^;a,- 
^OB c noBHseHHofl moTHOcTBo pacnpe«e.,Bm,., b MaTpm-' "ph^ 

oonpoTHBaeHBH paapymeHHn Mapspnaaa h5«sjih= ' "* 
35 . JIsBecTeH oiwaB Ha ochobs impKOMtji juts Kaasjmp ^i^rKo- 
30=«« peaKTopoB „ cnoeoe ero oCpaeoTOH c ne;i.!o ;;oct;;^=! 
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TMBJieHHH nOJISjrtieCTM, TpeUlMHOCTOftKOCTH M COnpOTMBJieHMH KOp- 

po3HH, B TOM TjHCJie pjiR ciuiaBOB c 6o;iee bhcokmm coflepacaHHeM 
Kejieaa - ot 0,3 flo 0,6 Mac.%. Ofi-bHCHHeTCH 3to tsm, He 
yflaeTCfl ;io6HTbCH BHCOKott oflHopoAHOCTM aepHMCTOJi CTpyKTypu 

5 waTpHUbi ciuiasa c pasHOMepHO pacnpe;iejieHHbiMM b neVi msjiko- 
AHcnepcHUMH uacTHq&MH (MeHee 0,1-0,2 mkm) BTopoft $a3H. IlpH 
o6pa6oTKe C5e3 deTa-aaKajiKW Ha cTaflHW xojiowioK fletbopMaqnH 
cjiMTKa B CTpyKType ciuiaBa, b ochobhom, npHcyTCTsyioT tiacTH- 
TTH BTopoJ! $a3H pasMepoM 0, 1-0, 4 mkm, ne oCecneuMBaeT 

10 AOCTaTotmo BucoKyB KopposMOHHyD CToftKOCTb cnjiasa. Kpowe 
Toro, npH TaKoW o6pa6oTKe He yjjaeTCH MsdemaTb najiiraHfl ot- 
jiejibHHX KpynHtix, pasMepoM flo 1,5 mkm, BtmeJieHHft HHTepMeTan 
jXHflOB THna ZrFe^ , KOTopue b cjiyqae roc CKoimeHHW chh- 
jKaDT BHSKocTi) H TpeiUHHocTOflKocTb MaTepHajia. HpHMeHeHMe 

15 (5eTa-3aKajiKH Ha nocjieflHeJi CTEyiHH xoJioflHoll odpadoTKii nosBo- 
jiHeT MsCeataTb odpasoBanim Kpymftix HHTepweTajuiimoB b CTpyK- 
Type cimaBa, owiaKo oflHOKpaTHoJi ;ie$opMaqHH h OTKHra nocjie 
saKBjiKH HeflocTaTo^o fljifl ycTpaHeHHjj nacjie^iyeMoft CTpo^e^- 
HOCTH B pacnojioKeHiui BUAejieHKfi BTopoK (^asu h nojiyxieHHH, b 

20 I^eJIOM, OflHOpOjmoJ! MeJIKOSepHHCTOR CTpyKTypU CO CTadHJIbHO 

BUCOKMM ypOBHeM KOppOSHOHHOft CTOttKO'CTM H COnpOTHBJieHMiJ paS 

pymeHHD. Kpowe Toro, nocjie CeTa-aaKanKH Ha nocjie^iHeit CTa- 
AHH o6pa6oTXH BCJieACTBHe saKanotiHux HanpHxeKHft MaTepnaji 
(oco(5eHHO ciuiaBu c noBumeHHUM cojiepsaHHeM sejiesa) HMeeT 

25 noHMseHHHft aanac TexHOJioriwecKoR luiacTiraHocTM, He noa- 
BOJiAeT HcnojibsoBaTb BucoKHe CTeneHH xojxoAHofl Ae$opMamui 
Ha nocJieAHefi CTaffUH o6pa6oTKM h cymecTBeHHO orpaHHttHsaeT 
BosMosHOCTb npuMeHeHUH AaHHoro cnoco6a jum usAejiHil c 6ojib- 
mHM yiaeHbineHHeM nonepetiHoro ce^eHHH Ha ^hhhiiihom STane as- 

30 i|opMaiQiOHHoi! o6padoTKM. 

UsBecTSH MaTepnaji Ha ocHoae impKOHHH h cnoco6 nojiy^ie- 
HMfl HSfleJiHa M3 Hero (CM, A, J5 4649023). MaTepnaji cojiep- 
KHT, Mac. 55: 0,5 - 2,0 hho6mh; 0,9-1,5 ojiosa; 0,09-0,11 
TpeTbero KownoHeHTa m3 rpynnn, EKJiKwanmeJi atejieso, xpoM, 

35 -MOJiH^AeH, BanaAHft, Me^b, HMKejib k Bojib(|ipaM; ocTanbHoe - 

UHpKOHMft. 

Cnoco6- nojiytieHMH MSflejiMft BKjnwaeT cjieflyramie cTajawM: 
- MsroTOBJieHMe cjiHTKa H odpadoTKa jiaBJieHHeM c nojiyqe- 
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HHSM saroTOBKM; 

- deTa-o6padoTKa (saKajiKa) aaroTOBKM; 

- nepBOHatiajibHaH MexaniraecKaH o6pa6oTKa saroTOBKM 
npH TSMnepaType Hime 650°C; 

5 - 6eTa-0TKnr (c 6iicTpm oxjiasweHMeM); 

- MexaHiwecKaH o6pa6oTKa nyreM MHorocTawliHoJi xojiofl- 
HoJ! o<5pa(5oTKM irpH TeMnepaType Menee 650°C; 

- OTKHT Meawy cTaffHHMH xpjioflHoft o6pa6oTKH npM TeMne- 
paType 500-650*^0; 

10 - KOHeTOift oTJUir npH TeMnepaType HHse 650°C. 

OnHcaHHufI cnocoC5 oCecneTiHBaeT pasHOMepHoe pacnpe^e- 
JieHue TiacTim BTopoil $a3Hq)eflHMM pasMepoM MeHee 800 A b 
MHKpocTpyKType MaTepwajia, rvro j^ejiaeT ero ycTofttiHBUM k 
KopposHH H HacumeHHD Bo;iopo;noM B cpe^e BHcoKOTeMnepaTyp- 
15 Horo BojiHHoro napa aTOMHUx peaxTopoB. 

OflHaKo H3-3a HHSKoro coAepsaHHH TpeTbero KOMnoHeHTa 
B MaTepnajie mioTHocTb tihcthu BTopoJi $a3H, co;ttepKamHx se- 
Jieso, HeflocTaTo^a, utoCh oCecne^MTb MaTepwany 6ojiee bhco- 

KHfl ypOBeHb COnpOTHBJieHHH KOppOSHH. 

20 KpoMe Toro, yKaaaHHuft cnocoC MoseT Gurb HcnojibsoBaH 
- TOJibKo jipus npoM3Bo;iCTBa mAeJoOt hb mipKOHHeBtnc MaTepwanoB, 
coflepatammc TpeTMf! KOMnoHBHT He 6ojiee 0,25 Mac.%. Hcnojib- 
soBaHHe 3Toro cnocoda fljia HsjiejiMfl na MaTepwajia c 6ojiee bh- 
coKHM coflepsaHHeM TpeTbero KOMnoHenra (ot 0,3 fijo 0,6 Mac. 

25 npHBOflHT K noBumeHHOMy npoi^BHoy fipaxa no MKKpoTpenuMaM 
nocjie nepBoft xojioflHoK npoKaTKH c jaocTaToxmo bhcokhmh cto- 

neHilMH OdHtaTHH, npHMeHHeWUMH Ha npaKTHKe. Ob-bHCHHeTCJ! 3T0 

noHHKeHHoK TexHojiorMtiecKoi! njiacTJWHOCTbK) MaTepwajia MS-aa 

BHCOKOrO ypOBHfl B HCM OCTaTQtlHHX SaKajIOTIHHX HanpflKeHMfl b 

30 peayjibTaTe 6eTa-oTKHra m nocjieflynmero CticTporo oxjiaaweHMii, 
npHMeHJiewtix nepe^ onepaiflWMH xojioflHoJI npoKaTKM. 

OcymecTBjieHwe bo HaCeataHHe pacTpecKHBaHiw MaTepwajia 
nepBoJi xojioflHoft npoKaTKM c hh3khmh CTeneHHMM o6aeaTHH bu- 
auBaeT Heo6xoflMMocTb npoBefleHMjj 6ojn>moro tmcjia onepaimft 

35 xojio;motl Ae$opMaivin c npoMeayTOTmiaMM oTscHraMM, tito jiejiaeT 
cnocoC cywecTBeHHo Menee SKOHOMjroHbiM. Opw 3tom yxyjona»T- 
cfl H KopposMOHHo-MexaHMtiecKHe CBollcTBa MaTepwajia Hs-aa 
$opMMpoBaHMji B MBTepnajie HBflejiHH MeHee MejiKoaepHMCTott m 
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OJIHOpOflHO?? CTp:.'KT:^'ptI C 60Jiee Xp:.1!HHMI^ SismeJieHHiiMH tjaCTHT- 

BTopoK $a3H c MearciacTHTiHHM paccTOHHweM novj^s^a. 0,45 - 

C,50 MXM. CPHSaKO 3 TO C TBM, tITO E flaKHOM ZJTy^&S , npOMS- 

3R:\T0tiKisii! oTSHr npoBOflHTCH iipH Cojies EHcoKoK TeMnepaT2.T}e 
H 6ojiee npoflOJTSHTejibHoe BpeM.«i. ^to b KOHe^oM Hrore i! 
npHBOflMT K pocTv sepHa H ^acTic: ETopoil masK. 

PaCKpHTHe HSOdpeTSHMH 

B 0CH0B3' HacTOjjmsro HsodpsTeHHH nocTasjieHa 3a5atia 
C03;^aTi MaTepwaji Ha ocHOse rapxoHHH, H3flejine h3 3Toro Ma- 
Tepwajia, Hcnojib3yeMoe b aKTHSHoi! 30Ke aTOMHHx peaKTCPOB^n 
cnoco6 nojiyqeKKH 3thx watnejiiri!. KOTopHe sa c^ie? cogflaHHH 
p K3s,ejrmt onpsflejieHHOfl i,iHxpocTp:«/KT3'pH o6ecne^jiH 6h 3thm 
HqnejiMHM 6Qjtee BHcoKirit ypoBent KopposiioHHoii cTofiKocTK, co- 
npoTHEjreiDiii pa3p:.?ineHHio h cTofecocTK paanai3ioHHOK?y pocTv ii 
nojrsytiecTK. 

TSaKoe bosmohho, bo-^ispbhx, sa ctieT ycTpaKeHHH b Ma- 
Tepnajie c noBsnneHHUK co;;epscaHHeM xejissa npeflpacnojioxsH- 

HOCTH K O(5pa3OBaHH10 XpyilHHX TiaCTUn KHTepMeTEUWUHOB , BO- 

BTOPHX, 3a ctisT noBHaeHHji sanaca TexHOjronraecKoft njiacTHti- 
HOCTH saroTOBOK K cTaj^HH xoJiOflHonpoKaTHoro nepe^ejia, uto 
nosBojiHe? HcnojibsoBaTb jtocTaTOtmo BHcoKHe cTeneroi ^e^iop- 
MauHH Ha nepBKK sTanax hx xojroflHoK o6pa6oTKH. B cboio o^s- 
pe^^b, nocJieflHee yjiyqniaeT OflHopoflHOCTb CTpyxTypa MaTepwa- 
Jia H cnocodcTByeT $opMHPOBaHH» onpejisjisHKoro cocTaBa, ;5Kc- 
nepcHocTK H pasHOMspHOCTH pacnpsASJieHiM b mrpKOHHeBofl Ma?- 
PHije ^acTHD STopofi $a3&i, B peBj'jibTaTe ^ero odecnexOTsaioT^ 
6ojrs9 BHcoKHe sKciuryaTaipiOHHHe xapaKTepncTHKH Hs^^ejnift, 
B TOM ■qHCjre, KopposHOHHaH CTOiixocTb r cpej;8 BucoxoTeMne- 
paTypHoro BojyjHoro napa, conpoTHBJieHHe paspjineHinD h ctoK- 

KOCTb PaHHaCHOHHOMy POCTJ' H HOJISJ^eCTM. 

IlocTaBJieHHEui saflaxia pemena coBflaHiisM MaTepnajia na oc- 
HOBe nHpxoHHH, coflspacamero HHo6Ha, ojiobo, xejieso, xpom. 
yrjiepoA, KKCJiopo^ h KpeMHHH, MMeiomsro MHxpocTpyKTypy , bkjdo 
tiaz)nij'!o tiacTHUH ojiOBOcoj;epsamnx h sejiesocoAep^camux HHTep- 
MeTajiJiHUOB , xoTopuK, corJiacHo H3o6peTeHHK), coj^epaaiT komho- 
HeHTfci E cJieflvromeM cooTHomeHim, b Mac.f^: 
.hho6hJ?. _ ; 0,5-1,5 

OJTOBO 0,9-1,5 

S€.-»re30 0,3-0,6 
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xpoM 0,005-0,2 
yrjiepofl 0,005-0,04 
KHCJiopofl 0,05-0,15 
KpeMHHW 0, 005-0, 15 

5 mipKOHHfl - OCTajIbHOe, 

^ep«aHHH ^e^eaocoAepManmx HHTepMeTa^nuoB nprpLcTo^'r 
10 Meswy TOCTMi^ or 0,20 ;no 0,40 mkm ^ paccTOiJHHH 

OOTKM 3a CTBT CBJBHBaHIUl SHStniTejIbHOH qaCTH Kejiesa B «« 

25 KOTopux 3„a^e^o ^mme.r^u pa3«ep ^^^^ 

ofipasymracoj! b MaTepiiajie b otcvtctbhb xdomT B^, ^ • 
'^ro He Tpe6ye«^, npoBe^„„H ^^1x^;kotSZ^ 
BBwepKeK np„^.o6pa6oTKe. DoB^oe co^Sf^ 

^nlo 2* ^ <H».Or,Pe).(Z;r,J3b)3Pe KO- 

Topue onpeflejfflDT BucoKMe Koppo3H0HHo-ifexaHiMeeK«» 

PHBfl yupOtWHTejIb. "PBOpaCTBO- 



u^n^^^"^ BinnenepeTwcjieHHHe ^aKTopH npu ncwy^eHHH, corjiacHo 
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ByiOT $OpMHpOBaHH10 B KOHe^IHOM H3fl,eJIHH OflHOpOflHOi^ MejiKosep- 

HHCToR -UHDKOHMeBoK MaTpimu c paBHOMBpHO pacnpeflcjieH- 
HHMM B Heft ^acTMi^aMM KejiesocoflepKaiUHX MHTepMeTajijijyioB , 
ocHOBHan Macca KOTopbix HMeeT paawepu Menee 0, 1 mkm npM 

5 MBHTOaCTOTHOM paCCTOHHHM OT 0,20 MKM JIO 0,40 MKM, HpM 3T0M 

He MeHee 60 06 ,% tiacTnu b cywMe cocTasjiHiOT HHTepMeTaji- 
JUVm Ticia Zr(IIb,Pe)2 , Zx (Hb, Cr, Fe), (2r, Nb)-^^®* 

HajiiWHe TaKoJI MHKpocTpyKTypH b usAejiHH h3 jiaHHoro ciwa- 
Ba oCecnemiBaeT mt BucoKyD Koppo3HOHHyD CToftKocTb, bkjid- 
10 noBuraeHHoe conpoTMBJieHHe HOflyjinpHOl! KopposHH, SHCOKyio 

iwacTiraHocTb h conpoTMBJieHHe paspymeHHD, noBHrneHHyio ctoK- 
KocTb K pajiMaiflioHHOMy pocTy H nojisytiecTH. 

EocTaBJieHHafl sajiaTia pemena TaK»e cosflaHHeM cnocoCa 
nojiytieHHH MsaejiHfl, Mcnojibsyewiix b aKTHBHoli soHe aTOMHUx 
15 peaKTopoB ,h3 MaTepMajia Ha ochobs mipKOHHfl, coflepiKamero hh- 
o6Hfi, ojioBo, Kejieao, xpoM, yrjiepofl, KncjiopoA» KpeMHHH, 
BKJiBtianmero HsroTOBJieHMe cjiHTKa, npeflBapHTejrbi^yi)^-o6pa6oT- 
Ky cjiHTKa, nojiyvieHHe aaroTOBKH nyrew ropjpiero $opMOBaHHfl 
cjiHTKB npM TewnepaType cymecTBOBBHiw <>^-uhpkohhh, xojio^- 
20 Hoe $opMOBaHKe aaroTOBKM c irpoMesyTotjHUMH oTZKHraMH npn 
TSMnepaType cymecTBpBaHMH oC-iflipKOHMH m ^lOBo^xKa 3aroTOBKM 
flo roTOBoro MSflejiHH, b KOTopoM, corjiacHO H3odpeTeHino, hc- 
nojiij3yioT MaTepnaji, coflepaeamHfl KOMnoHeHTu b cjieflyraueM coot- 
HomeHHH, Mac.%: 
25 HHodHJI - 0,5-1,5 

OJIOBO - 0,9-1,5 
Kejie3o - 0,3-0,6 
xpoM - 0,005-0,2 
yrjiepofl - 0,005-0,04 
30 KHCJiopoA - 0,05-0,15 

KpewHHtt - 0,005-0,15 

UHpKOHHl! - OCTEUIbHOe, 

npn 3T0M nocjie ropier o $opMOBaHHH cjiwTKa npw TeMiiepaType 
cymecTBoBaHHH <^-L5HpK0HHfl 3aroTOBKy oTKuraKT npM Tewnepa- 
35 Type ot_380° ro 650^0, 

Hcnojib30BaHMe npejuiaraeMoro cnococ5a nosBojweT noBu- 
CHTb aanac TexHOJioriraecKoft luiacTiWHocTM MaTepHajia 3a ciier 
$bpMHpoBaHHH npM yKa3aHH0M iX'-oTKMre 6ojiee paBHOBecHol! k 
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ojmopojmol! c TonKH speHMH cTeneHH peKpucTajuiHsanMM crpyK- 

TypSJ MaTpHl?J C 60Jiee HMSKOJi lUIOTHOCTblO JlHCJIOKaUMtt. OflWO- 

BpeweHHO c ^po^eccoM peKpMCTajuiHsauHHO^-mipKOHMeBon mbt- 
pimu HaxiHHaBT odpasoBHBaTbCfl tiacTMijJ BTopoft $a3H Tuna 
5 Zr(Nb,Fe)2f ZraTb,Cx,Pe) , (Zr,IIb,ITb)35'e. 3to R&eT B03- 
MOKHOCTb OCymeCTBJIHTb XOJIOflHOe $OpM0BaHHe aarOTOBKH Ha 

nepBHX CTaflHHX c noBumeHHHMH CTeneHHMU ;ie$opMaifliM. Bojiee 
BHCOKan CTeneHb Ae$opMamiH MSTajuia Ha nepBOM STane xojiofl- 
Hoii odpadoTKH cnoco6cTByeT CHHReHrao TewnepaTypbi nauana 

10 peKpHCTajDiKsauHH aepHHCTofi CTpyKTypu npK nocjieflynmeM npo- 
Mesyro^OM oTKure sa c^ieT yBejiiraeHMH HaKoiuieHHOtt npn Ae$op- 
waifliw 3HeprMM aKTHBaifliH aToro npoiiecca. TaKEUj CMTyai^iui 
nosBOJiHeT npoBo^Tb npoMesyTo^iHHJi otrht Meafly cTaflmiMH xo- 
jioflHoU o6pa6oTKH npH 6ojiee HHSKott TeMnepaType, tiro saiAeR- 

15 JweT pocT TiacTHU BTopoJ! $a3H ffpyroro Tima (nanpHMep, ZxPe^ ) 
BO BpeMH SToro oTKHra. 3to TaKse cnocodcTByeT o6pa30BaHHD 
■qacTHii BTopoJ! $a3H Tuna Zn(NbFe)2»Zn(irb,0r,Pe) , 

(ZnNb)^^'© ® KOJiiraecTBe 60 odteMHHX % h Cojiee ot o6mero 
KOJiiroecTBa KejiesocoAepaamHX HHTepMeTajuiHAOB, a TaKate 6o- 

20 Jiee AHcnepcHOMy pacnpeffejienraD tocthu BTopoft $a3H b ofi-bewe 
HSflejiHfl. A 3T0, B CBOD otiepejib, 6jiaronpimTHo cKasHBaeTca 
Ha 3KcnjiyaTai;noHHiix xapaKTepHCTHKax HSflejiiw, TaKHX kbk 
KopposHOHHafl CTQJiKocTb, luiacTiraHocTb H conpoTHBJieHHe pas- 
pymeHHE). 

25 KpoMe Toro, yBejiiraeHHe cTeneHH ^e^iopMamiM MaTepwajia 

Ha nepBHX CTajciHjnc xojiojoHoro $opMOBaHMfl aaroTOBKM noBiama- 
' eT TexHOJioriTOHocTb cnoco6a H AeJiaeT npouecc HsroTOBJieHHH 
HS^ejiHtl 6ojiee okohomh^ihkim, vio nosBOJiHeT pacnpocTpaHMTb 
ero Ha 6ojihmyn HOweHiuiaTypy i^MpKOHHeBiax waTepMa^oB h wajie- 

30 JIMit MS HIOC. 

HejiaTejibHO nocjie ^ -o<5pa(5oTKH nepeR ropjroiM $opMOBa- 
HHeM cjiMTKa aaroTOBKy OTSUiraTb npH TewnepaType 380-650 C, 
TaKofI OTKHT cHHMaeT 3aKajio'«iHHe HaniJHKeHHH, yMeHbrnaeT h bh- 
pasHHsaeT imoTHocTb ^wcjioKamrfl no ce^eHHD aaroTOBKH h npH- 
35 BoflMT MaTepnan k 6ojiee paBHOBecHOMjr cocTOjmMO, mo cymecT- 
BeHHO noBumaeT aanac ero luiacTHWiocTM m bhskoctm. B pesyjib- 
TaTe TaKoro oTamra nportecc ropjniero ^ojaaoBaHiifl mokho i^o- 
BOAMfB c dojibmefl BbrrsKKoi! H npH 6ojiee hhskoH TeMnepaType. 
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0co6eHHo Baamo npHMeHSHHe SToro oTKnra jjjiK MaTepnanoB c co 
;iepa:aHHeM sejiesa 0,3-0,6 Mac.%, TaK KaK c yBejiiroeHMeM co- 
jaepscaHHfl scejiesa. Ha Kaayoje ero 0,1 Mac.%, TewnepaTypa nepe 
xofla ( luiKC ) cTpyKTypu b ^-CTpyKTypy CHHsaeTCH 
5 npH(5jiK3HTe.jibHo na I5°C. lioQTovsy npepjieraevasR otkht nocjie 
-o6pa6oTKii jiaeT BosMosHocTb npoBefleHHH ropOTero $opMo- 
BaHHH c BHcoKHMH CTeneHiiMH BUTHSKH npH 6ojiee HMSKoti TeMne- 
paiype, itpo ;aejiaeT npe^JiaraeMfcift cnoco6 dojiee yHHsepcajib- 

HUM. 

10 UejiecooCpasHo nepejto^-oTSHroM nocjie ropOTero $opMOBa- 

HKH saroTOBKy nojiBepraTb ^-saKajiKe c TeMnepaTypu ot 900 
;io II00°C, wpvi 3T0M yKasaHHfcifl c^f -otkht ocymecTBJiflTb npw 
TewnepaType ot 3B0 j^o 520°C. 

npH THKOM cotieTaHHH -saKajiKM H ^^-oTKHPa nocjiB ropa 

15 ^ero $opMOBaHHA o6ecnetDiBaeTCji bucokhH aanac TexHOJiom- 
^ecKotl luiacTHtiHocTH B MaTepnajie. IIpH 3tom xojiojOHoe $opMO- 
Banue saroTOBKH Ha Ha^ajibHOt! CTajoHH uomio npoBOAHTb c bu- 
coKMMH CTenenmiH o6saTiiH. npHMeHeHHe yKasaHHoft^-saKajiKH 

CiJ^-OTKHTOM nepefl XOJIOflHOW OdpatSOTKOJ! SarOTOBKM npHBO^MT 

20 K 6ojiee MejiKojaHcnepcHoiQr pacnpeaejieHMK) uacTim BToppfl $a3u 
B MaTpHue H3;iejiHH. HojiyiiaeTCfl 3to sa c^eT Toro, vro y^^a- 
KajiKa nojiHOCTbD pacTBopneT HHTepMeTajumflw h jxpyrMe ^acTHmEa 
BTopoft $a3H, odpaaoBaBniHecfl na paHHHX CTaAMHX TeXHOJiorH- 
^ecKoro nepe^ejia. nocjieflyKsmd! ^^-otkht npw TewnepaType 

25 380-520°C CHHMaeT aaKajio^iHue HanpjTKeHHH, CHHsaeT iwoTHOCTb 
jlHCJioKaqHtt B MaTpHue b pesyjibTaTe npouecca nojinroHHaai^iH, 
' HO He npMBO^mT K noBTopHOMy oCpaaoBaHHH) HHTSpMeTajUIlWOB M 
Kpyrva. tiacTim BTopofl $a3H m3 -UHpKOHHeBtix npocjioeK, pac- 
nojioKeHHHX Meay^y luiacTHHaMH aaKajieHHoK CTpyKTypu MapTeH- 

30 CHTHOro Tuna. HpoCJIOftKM COXpaHHDT CBOK) $0p»/^ H OCTaiOTCfl 
AOCTaTOTOO lUiaCTiraHHMH, HSMeHJIH JIHEb CBOK) BHyTpeHHDD MMK- 

pocTpyKTypy. Tanan aaKajieHHO-oTosoKeHHafl luiacTHHtiaTan CTpyK- 
Typa no cpaBneHHio co CTpyKTypoti nocjie ^^-saKajiKH (Ses oi'-oT- 
KHra, MMeeT cymecTBeHHo Cojiee bhcokhJ! 3anac bhskoctm, hto 
35 no3BojiHeT ocymecTBjiflTb xojioflHoe (|)opMOBaHMe aaroTOBKH c 
6ojiee bhcokmmh CTeneHHMH oCsaTMiJ. B pesyjibTaTe xojipflHoro 

$OpMOBaHMH^-impKOHHeBUe npOCJIOJiKM aaKajieHHO-OTOKKeHHOfl 
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CTpyKTypu MaTepwajia BHTHriiBaDTCii b HanpaBJieHKK npoKaTKK, 
yTOHiiHCb M xiacTHWO $parMeHTHpyH B HawCojiee HaiipH«eH~ 
Hux yqacTKax. IIocjieflyKmHR otkmt npHBOflHT k o6pa30BaHHK) 
H3 3TMX TOHKMX npOCJIOeK 60Jiee MeJIKHX ^acTMi; BTopoR tpasH, 

5 B OCHOBHOM, TMna Zr(lTb,Pe)2,Zr(jJb,Cr,Pe), (Zx,iTb)3?e 

H B fiojibineM KojuwecTBe. ^eM Sojibine CTeneHb xojiojihoh ^eipop- 
MaipiH, TBM TOHbme Moamo nojiy^HTb npocjioftKH m oTacur npoBo- 
^Tb npH 6ojiee hhbkoI! TSMnepaType, He ;ionycKafl pocTa xiac- 
Tim. TaKHM oCpaaoM, b KOHetjHOM n3flejiHH MejiKOflHcnepcHHe ^c- 
10 Tvnjfi yKasaHHoro TWia odpasyDTCH b KOJiiraecTBe 50 m 
6ojiee OT o6mero oC'beMa KejieBocoAepsfinuix tiacTHU BTopoi! 
$a3u M CyflyT pasHOMepHO pacnpe^eJieHH b MaTpMne HSjjejiHfl c 
BHCOKofI iwoTHocTbD. TaKafl MHKpocTpyKTypa ofijiaflaeT 6ojiee 
BijcoKofI iwacTiraHOCTbK), coiipoTHBJieHHeM paspymeHHD H Kop- 

J5 pbSHOHHOfl CTOftKOCTbD. 

KejiaTejibHO ^-aanajiKy npoBojoHTb co CKopocTb© ot 60°C/c 
fl,o IOOO°C/c. B 3T0M cjiyuae odpaayeTca C5ojiee MejiKOflHcnepc- 
Han CTpyKrypa c ysKHMH luiacTHHaMH HepasHOBecHoJics^-iflipKOHM- 
eBoJ! $a3H, Meacfly kotophmm naxo^TCji 6ojiee TOHKHe npocjioJlKM 

20 ^ -impKOHHeBofI $a3H, H3 KOToptix npH nocjieflynnuoc onepamujx 
xojiojmoJI odpaCoTKM c npoMeayroiiHfciMH oTamraMH oCpaayBTCH 
HHTepMeTajuiHflH H flpyrwe tiacTHi?)! BTopott $ei3u. Hsm MeHbme 
imacTHHU M TOHbme npocjioftKH wesffy hhmh, tbm wejib^e o6pa- 
syiOTCfl •oaGTMTfj BTopoH $a3H, MeHbme MearaacTiWHoe paccTOAHHe 

25 H, cooTBeTCTBeHHO, (Sojibme luioTHocTb 3THX tiacTHi^. Bojiee 
gawcnepcHoe h pasHOMepHoe pacnpeflejieHMe "qacTMit BTopolt $a3u 
B MaTpHue HSflejiHfl npMBo^uiT K 6ojiee bhcokoJI mtacTiraHOCTM, 
conpoTMBJieHwo paspymeHHD m KopposHOHHoft ctoJIkocth. 
JiymnxR BapwaHT ocymecTBjieHMH if3o6peTeHHH 

30 Cnoco6 HsroTOBjieHHJi HSflejiHi! (nanpuMep TpyC), Hcnojib- 

syewHX B aKTMBHoJ! 3 one aTOMHHX peaKTopoB^HS MaTepwajia Ha 
ocHOBe uHpKOHHJi, ocymecTBJXHeTCH cjieflynmuM oCpaaoM. 

CjiHTox H3 MaTeptiajia, coAepsamero, Mac.%: 0,5-1,5 huo- 
(5hh, 0,9-1,5 ojiosa, 0,3-0,6 atejiesa, 0,005-0,2 xpowa, 

35 0,005-0,04 yrjiepoAa, 0,05-0,15 Kwcjiopofla, 0,005-0,15 KpeM- 
HHH, ocTajibHoe - mipKOHHft, MsroTaBjiMBaKJT, HanpMMep, BaKy- 
yMHo-flyroBHM nepeiuiaBOM. 

HajiH^He yKasaHHHX KOMnoneHTOB irpw hx yKasannoM coot- 
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HomeHWH odecneuMsasT Ksj^e.TOHM bhcokhJ^ j'poseHb xopnosHOK- 
HoP. ctoRkocth, conpoTHBJieHHH paspymeKMD k ctoJ^kocth pajiHa- 
iTHOHHOMv pocTy H noJis^'^ecTH . B Ka^ecTP.e ockobh MaTepMaJia 
HcnoJibayeTCH iotpkohhK, o6ji8Jiainm HUSKHhi cex?eHHeM saxsaTa 
5 HefirpoHOB, h HaHdoJies nmpoKO Hcno Jib syenHK b aTOMHOii 3Hep- 



OjIOSO nOBHinaST KOppOSHOHHJ^K) CTOftKOCTb lIHpKOHHH H TJiaB- 

HHM oSpaaoM, o(5ecns^HBasT eMv Heo6xoflHMbii5 ypoBSHb npo^iHoc- 
TH, conpoTHB.TreHHH noJiayqecTH h flpyna BKcnjiyaTauMOHHux 
10 xapaKTspHCTHK . 

HoBHCieHHoe coflepJKaHne sejiesa o6ecnetiHBaeT 3 H3ii,eJiMH 
Heo6xoflHMHfl cocras w KOjnraecTSO TKe.iesocoflspacELnpoc HHTep- 
MSTajuiHAOB TaKHX Kaiv Zr(Nb,P6)2, Zr (Pe, Or, Nb) , 

(Zr, Nb)3Pe » XOTOpHS OnpenSJIfllOT BHCOKWe KOppOSHOHHO- 

15 MexaHiroecKHe cBolicTBa maemin. 

JlodaBKH xpoMa B MaTspwaJi c noBumeHHbiM coflepmaHHeM 
^Kejiesa cnococScTByioT K3Mem>tiemno ^acTWu HHTepMeTBJijnmoB b 
CTpyKType cJiHTKa h Ha paHHHX CTaflHflX ero nepepadoTKH. 
B pesyjibTaTe tiero He Tpe6yeTCJi npoBeaeHiw jynrrejibHux 



20 BHCOKOTeMnepaTjrpHHX BtwepxeK npH ^-ofiiJafioTKe. 



KpeMHHfl H yrJiepoji HswejibTiaDT h noBtniiaDT oflHopoflHOCTb 
CTpyKTypH MaTeTmana. 

ffecjiopoA Hswejib^aeT CTpyKTypy MaTepwaJia, a tbk »e 
HcnoJibsyeTCH Kax TsepflopacTBOPHSiR ynpoTnniTejib . 
25 HhoChR noBbmaeT npofxiHOCTHHe csoftcTBa i^HpxoHHji h, 

odpasyH c HUM h xejiesoM MejncojmcnepcHbie xiacTHuw STopoJi 
3K B iiHpKOHiieBOft MaTPHiie , yjTj'qmaeT es xopposHCHHyD cTottKOCTb. 

lion coflepmaHHH b MaTepwaJie hho6hh Mekee 0,5 Mac.%, 
stejiesa Mense 0,3 Mac.^ h xpoMa MSKee 0,005 Mac.% B^-uHp- 

30 KOHHSBOtt MaTPHlTS KOHBTOOrO HaHSJIHH flOJIH MHTePMeTaJIJIKROF 

Tjina Zr(rIb,Pe)2f Zr(xIb,Or,Pe) , (Zr, Nb'^^^e b cyMMe 

^y^om cymscTseHHO. MeHbnie 60 o6.f- OT o6mero oG'BeMa JKeJiesoco- 
neiTKamHX tjacTHi' FTOpoft $a3H, s pesy^bTaTS "tiero xoppoaHOHHaH 
cTofteocTb hiaTepnajra saMeTHO cHHStaeTCJi. Ilpn coflepacaHHH hho6hs 
35 6oJiee 1,5 mc.^ b luaTepiiajie odpasycTCH anatmrsJibHoe KOJni- 
tiecTBO K^D^'^HHX xiacTur'. /5-Hi!o6MeBofl $a3bi, uto cHHsasT contjo- 



reTHKs . 




TH3JieHH9 MaTepMaJia KOpPOSMK. 
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CoflepKBHMe wLBJiesa. b MaTepnajie 6ojiee 0,6 Mac.% npwBo- 
K o6pa30BaHHK) cKoiuieHHfi KpynHHX ^acTHU nHTepMeTaji- 
jiHfla Tuna ZrPe3 , HsjiMniHefi KoaryjiHUHH flpyrnx jKejieaoco- 

TTPps TflTT^ MY qaCTHU BTOpott C[ia3H c MeswacTiraHbiM paCCTOHHHeM 

5 MeHee 0,20 mkm. B pesyjibTaTe MaTepnaji 6y^ieT imerh hohh- 
aieHHyro TexHOJiorn^ocTL b npottecce Aei|)op«auMOHHOft o6pa6oTKM 
M 6ojiee HH3Koe conpoTHBJieHMe paapynieHHK) b totobom MSjiejiHM. 

IlpH coflepacsHHH xpowa dojiee 0,2 Mac.% b MaTepnajie mo- 
ryr oCpasoBHBaTBCH dwHapHue KHTepMeTajuiHflw impKOHMH c jcpo- 

10 MOM, yxyffnaionwe TexHOJiorH^mocTb h conpoTUBJieHHe paspymemiB) 
MaTepnajia. 

Hn3Koe coflepataHHe ojiobe (Menee 0,9 Mac.%) CHHKaeT 
KpaTKOBpeMeHHyiD h ;yiHTejibi^yK) npotiHOCTb METepMajia. KpoMe 
Toro, TEKoe KOJUwecTBo ojioBa B MeHbmett CTeneHH noflasjifleT 
15 Bpewoe BJiHflHHe bosmohehoJ! npuMecH asoTa Ha conpoTHBJieHHe 
MaTepwajia KopposHH. Ecjih ojiosa b MaTepwajie 6y?ieT Cojibme 
• 1,5 Mac.%, TO BaMSTHO CHHsaeTCH TexHOJiorOTHocTb MaTepwajia 
npH ropflwel! m oco(5eHHO xojioflHoft o6pa6oTKe ;taBJieHHeM. 
Manoe coAepsaHHe KHCJiopoffa •( MeHee 0,05 Mac.%) 
20 npaKTjraecKK He ^aeT TBepRopacTBopHoro ynpo^eHMH i^wp- 
KOHMesoft MaTpimEj, a cdflepKaHne KHCJiopofla Cojiee 0,15 Mac.% - 
cHMscaeT TexHOJiorHOHOCTb MaTepnajia. 

CoflepsaHHe KpeMHMH Menee 0,005 Mac.% HeflocTaTOTOO ajih 
AHcnepmpoBaHHA m noBMmeHHA oflHopoflHocTH jiHTOil CTpyK-Typu 
25 MaTepwajia, TaK kbk b 9tom cjiy^iae $opMHpyeTCfl, irpewMymcT^ 
BeHHo, KpynHoiuiacTHHtiaTaH cTpyKTypa, OTpHiiaTejitHO CKa- 
suBaeTCii Ha KopposiioHHO-MexaHiraecxiix CBoltCTBax potoboto us- 
AeJiHfl. npH coAepBtaHHH KpeMHHA CBepx 0,15 Mac.% b MaTepna- 
jie o6pa3ynTCi! HHTepMeTajuuvm c KpeMHH^, yxyjuaoxmne ero 
30 TexHOjioriraHOCTb h xapaKTepwcTHKH TpenwHOCTollKocTH M conpo- 
TMBJieHHfl xoppoaHH HSAeJIIlfl. 

HMSKoe coffepacaHHe yrjiepofla (Menee 0,005 Mac.%) chh- 
acaeT KopposHOHHyn CToitKocTb MaTepnajia, a npn coAep«aHiui 
yrjiepofla 6ojiee 0,04 Mac.% odpasyeTca iazGotok Kap6Hfla impKo- 

35 HUH, KOTOpUfl KBK H HHTepMeTaJUIHHU KpeMHMH CHMKaeT TBXHO- 

jiorireHocTb M conpoTMBJieHHe paspymeHHO MaTepwajia. 

Hocjie BuiuiaBKH cjihtok nojiBepraor MexaniwecKoll ^-o6pa- 
6oTKe, HanpuMep, flasjieHMeM npw TeMneparype ot 1070 jjo 
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900 C c yMeHb^cJHHeM flwaMeTpa npH6jin3HTejibHo b 5 pas. Doc- 
Jie 3Toro o(5pa6oTaHHbr{i ABBJiemeu cjihtok HarpesaioT jio tsm- 
neparypHi, HanpHMep, lOSO^C, a aaTew 3aKaji„BaK)T b Bo^e 
nocjie yAajieHHfl nosepxHOCTHoro rasoHacHiueHHoro cjioh saKa- 
ar)^ saroTOBKy oTKHraror npn TeMnepaType ot 380°C 
bDU 0. B peayjibTaTe oTKura npuMepHo BflBoe yBejiMTiHBaeTCH 
y^iapHan Bii3KocTb saKa^eHHoK aaroTOBKH aa ctieT chhthh aana- 

JIO^ HanpHSeHHfi, CHUKeHUH H BHpaBHHBaHHfl lUIOTHOCTM JWC 

rr nn^^if "° aaroTOBKH h TiacTiroofi TpaHc|,opMaim« 

10 njiacTMHtiaToft CTpyK,^ c odpaaoBaHHeM ywacTKOB bhtZLx 
no^HPOHMaoBaHHHx aepeH ^mpKomeBoli ^asn. O^HOBpeMeHHo 

C H3MeHeHHeM CTpymypM METPHI^W nOHBJWlOTCJI CTPOUKH qaCTMU 

15 ;^o«7f^SpKOHHeBo« ^tr""^^^^^ 

Otkhp HHKe TewnepaTypbi 380OC HeflocTaToxieH msi cymecT- 
BeHHHx CTpyKTypHtK MSMeHeHHft B cnjiaBe. npHBOMmoc k hboC^ 
xoAHMo^jr noBumeHMK) aanaca TexHOJiorMtiecKoK luiacTHUHocTH 
UTKHT Bume 650°C ^jw ciwaBOB c noBmneHHbiM coaepacaHHeM ine- 
20 Tbero KOMnoHeHTa. HanpHMep. «e.ie3a, npHBo;wT k^^o^„? 
TejibHOMy o6pa30BaHH« ocTaTOTmoR >^ -mipKOHHeBof! $a3bi Hs-aa 

TaTe npHBOAMT k oCpaaoBaHHi, i^ynmK xlacTH^ HHTepMexa^H- 
«0B, yxywnanmHX luiacTHUHocTt, conpoTiiBJieHMe paapymeHKD h 
25 Koppo3HOHHyi, CTo«KocTb MaTepHajia H3fle^. ^ ^ ^ 

SaTew oTOHCHceHHyK) aaroTOBKy noflBepraoT ropnneMy 6opmo- 
BaHH^ CHanp«Mep. npeccoBaHHio) np« TeMnepaiype cyia^^BOBa! 
HMHO^-i^MpKOHHii, HanpHMep. 6200c. c bhthLoT! J^TrZt 
^H3HTe^bHo OT 5 flo 12 pa3 „ ncuiy^eHHeM TEy6Ho«<aroT^KHr 
a>o^ npeccoBaHHyio aaroTOBKy najmepram ^ -saKajiKe c 

6l^r.?Tooo\TV° - -pocb. ^a.«eZ%: 

CTpyicTypa MapreHOMTHoro Traa o mJacTHHawM HepaBHoLcHoB 

MepoM flo 0, 1 MKM, a wacTHiw HHTepMeTajuiMoB. oCpaaoBaBmH- 
eofl paaee, paoTBop«0TCfl npw Harpese h Biweprae nepea saKaji- 
KOB. TaKafl rniacTHHwaran OTpyKTypa nocae^-aaKa^iKH xapawe- 
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oC wnx ^ CTpyKiyry Harn« "^"^ Cy^eT imeTi, 

KOHHeBoft $a3B, wo 3aM«m. , ^^peH ^-UHP- 

10 coKOTe»mepa^H Har^T^^r^^: e°^ee b«- 



ycneBaw #parMeHTHpoBaTb o^^^n^ Wfle««ae npowioBKB 
i"»wr OBoflcTBa ciuaBa cJZ-^^ OTOurax yupynHHiiToa h yjom- 

CTBHMo. pocTSMH HeqajrecooCpasHo n Tpyrooocyne. 

3aK«re„„aPo MaC^an^'V^'oXiT^"" 
OHmtaei nponHocTHue ^„J^ m^t^, oynecTseHHo 

(naacr«„ax) sepaBHoBecHor^ ,™ HSKoTopa KpHCTajwax 
30 no»^oHa;r.„aH ^c^^a iJ™;:""" *«« oSpasyeTcn 

e m. OepaaoBaHL " ^ OTfle^B«« wecrax npepuBHCTn! 

xow. "H'ep.BTajur^oB npa tskom oTKHre He npoHo- 

Otjcht HHSCe SSO^C hs nr...^^ " 
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a npH oTKwre Biirae 520°C HaiinHaeTCi! ^^psrMeHTamifl npocjioeK 
-mrpKOHneBofi $a3HC o6pa30BaHMeM Ha hx MecTe npoTHKeH- 

HtDC CTpo-qeK HHTepMeTajIJIHEOB, 'QTO B yCJIOBHHX XO.JIOflHOfi jie~ 

qpopMaqmi c CojibmHMH CTeneHJiMii o6jivaTHJ! irpHBOjaHT k oCpasoBa- 

5 HHK) MHKpOTpemMH. 

3aTeM aaroTOBKy nocjie TEKoro otkhts noffsepraioT oflHO- 
KpaTHoK xojioflHoR o6pa6oTKe flaBJieHweM c bhtakkoR ( ) 
npHCjiMSMTejitHo B 1,5-2,5 paaa h ;iedbopMaimef! i <S ) 30-60%. 
Jinn nojiyxjeHHH b nocjieffyromeM 6ojiee MejiKOflHcnepcHoft CTpyK- 
10 Typu npeflnotiTMTejibHO yKaaaHHyD xojiojwy© odpaCoTKy ocyme- 
CTBJIJrrb C MaKCMMaJIbHHMH CTeneHHMH odjcaTMH. 

Ilocjie oflHOKparaolt xojio^moK jie^opummyi aaroTOBKy noA- 
BepraDT npoMeacyTo^oMy peKpHCTajuiMsattHOHHoiy^ (^C'-OTKury 
(kbk npaBHJio, np-K Tewnepanype 540-640°C). IlpM TajcoM 
15 ^-oTKMre B ;ie$opMnpoBaHHoi! waTpHne wr npoueccH i)eKpMc- 
TajuiHsaiyiH aepHHCToii CTpyKiypa h odpaaoBaHHfl h3 npocjroeK 

-impKOHHeBoJt $a3H xiacTMi^ HHTepMeTajwimoB h j^pyrjoc 
BHwejieHHfi BTopoli $a3H. Hew 6ojibme dtuia npe^BapHTejibHaH 
CTeneHb ;ie$opMaimH, tsm nHTeHCHBHee iwyr o(5a sthx npoqecca 
20 H npH 6ojiee HHSKoft TeMnepaType c^-oTKHra. B peayjibTaTe 

$OpMHpyeTCH MeJIKOSepHMCTaHCX'-i^HpKOHHeBaH MBTpm^a C MeJIKHMM 

^acTHi^aMM BTopoJi $a3H, B TOM HMCJie MHTepMeTajuiHflaMM Tuna 

Zr(irb,Pe)2 , Zr(jrD,Cx,Pe) , (ZriTb),Pe ♦ pacnojiOKeHHUMH 
B OCHOBHOM CTpOXIKaMH Ha MSCTaX MCXOflHHX ITpOCJIOeK -impKO- 

25 HweBoi! $a3H. ✓ 

OnepamiH xojioflHot! Ae$opMaimH m o( -OTScHra noBTopHDT 
eme, kbk npasMJio, TpH-tieTupe pasa b saBHCHMocTn ot homsh- 
KJiaTypu HSflejiHH. 3a ever ^lepeflOBaHiw ^po^eccoB \^e$opMa^HH 
H peKpHCTajuiMaamiH ^-impKOHHeBafl MarpHiia MaTepwajia ctb- 

30 HOBHTCH Cojiee MejiKosepHMCTofi, a CTpo^e^ocTb b pacnojiose- 

HHH V&CTVaJ, BTOpotI $a3U yCTpaHfleTCfl. 

TaKHM oCpaaoM, b kohb^om viSRenm $opMHpyeTCfl noji- 

HOCTbK) peKpMCTajUIHSOBaHHaH CTpyKTypa «'-^HpKOHMeBO^! MaTpM- 

m c pasMepoM aepna b ochobhom ot 3 ^o 5 mkm h pasHOMepHo 
5 pacnpeAejieHHHMM b stoJ! MaTpwue IIacTH^aMH KejiesocoflepscaiUHX 
MHTepMeTajwiqioB b ochobhom paawepow wenee 0, 1 mkm, hdm 
MenreacTHtiHOM paccTOHHHM 0, 20-0, 40 mkm, njioTHocTbio I5I 
25 mkm" , npn 3T0M 6o;iee 60 odT>eMHHX % H3'~odmero o 
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yKasaHHEix ^acTMU cocTaBJijnoT HHTepMeTajunyoj Tuna 

Zr'<I^,Pe)2, 2x(I^b,Cr,Fe), (Zr,I^b)3Pe. 

Tanan ojmopo^iHaj! h MejiKOflMcnepcHaH CTpyKTypa onpeae- 

JiHeT BHCOKMti ypoBCHb luiacTHxiHocTM, coiipoTHBJieHHfl paspyme- 

5 HHD H KopposMOHHoft cToftKocTH MaTepnajia M3;iejiHfl, npMMeHfle- 

Moro B aKTHBHoW 30He aTOMHoro peaKTopa. 

EcjiH B o6meM ofiijeMe ^acTwi; BTopoJI $a3H nojiR MHTep- 

MeTajDiivxOB Zr(Hb,Pe)2 ,Zra7b,0r,Pe) , (Zr,Hb)3Pe 
cocTaBHT MBHee 60 o6,% , Tor^a b CTpyKType MaTepwajia 

10 6yAeT vateThcsi SHa^TejiBHoe KojuraecTBo tiacTiui HesejiaTejib- 
HEJX $a3, HazipMMep, TaxMX KaK ZrPe^ vuai y§- -HHodHeBan 
$a3a, HMeKmiK 6ojiee Kpynmie pasMepu. B pesyjibTaTe 3Toro 
iRejiesocoAepsaiiiHe tiacTHqbi BTopofl ^asu b iibjiom Cy^orr pac-> 
npe^ejieHH b -i^wpKOHHeBoft Marpin^e c MeawacTiraHHM paccTo- 

15 HHHeM 6ojiee 0,40 mkm h no aTolt npHTnme KopposHOHHan CToii- 
KocTb MaTepnajia 6y7ieT cHHSEaTbCH. 

PacnpeAejieHHe Kejiesocoffepxaimoc TiacTint c MestiacTHTZHUM 
paccTOJiHHeM 6ojiee 0,40 mkm HadjiEmaeTCH xipM Jieri^oBaHMH 
MaTepnana KejiesoM Menee 0,3 Mac.%. 

20 S cjQTQae jiertipoBaHiin iiHpKOHiiH HKodiieM, sejiesoM h 

xpoMOM CBepx BepxHero npe^ejia coAepxaHHfl 3tkx KOMnoHeH?> 
TOB B iipe;ajiaraeMOM MaTepHane, MeactxacTiraHoe paccTOHHHe 
B MaTepHane HSAeJUiH, HsroTOBJieHHoro no npejuxacaeMoior cnoco- 
0y, MoseT 6uTb MeHbme 0,20 mku, a HSAejiivi c TaKoft CTpyKTy- 

25 poW HMeiOT noHHKeHHue xapaKrepHCTHKH njiacTiraHOCTn, coi^o- 
THBjieHHH paapymeHMK) h nojiaytiecTii. 

Anfi Jiy^ero noHHMaHHH H3o6peTeHHH Huaee npuBeAeHU kohk- 
peTHue npMMepu ero BunojiHeHiux. 
IIpMMep I 

30 Ha MaTepiiajia, coflepacamero, Mac.^: 1,5 hmo6h{1, 0,9- 

cjioaa, 0,5 - Kejieaa, 0,005 - xpoMa, 0,007 yrjiepo^a, 0,06- 
KMCjiopojxa, 0,009 - KpeMHMH, ocTanbHoe - i^wpKOHHK, MaroTaB- 
jiHBajiH cjiHTOK MSTOAOM BaKyyMHo-flyTOBoli njiaBKK. Cjihtok nofl- 
BeprajiH kobkb npM TeMnepaType ot I070°C jao 900°C c yMeHb- 

35 rneHueM A^aMSTpa b 5 pas. SaTeM KosaHHyio saroTOBxy Harpeaa- 
JiH AO TeMnepaTypu 1050^0 h aaKajiMBajm b ao^e. Ilocjie yAane- 
HHfl nosepxHocTHoro rasoHacumeHHoro cjida. saKaneHHyx) aaro- 
TOBKy peaajiM Ha wepHbie ajihhk, cBepjniuiH oTBepcTHjj m OTKurajiM 
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npK TCMneparype 620°C. Rocjie SToro wepHwe c oTsepcTHeM 
aaroTOBKH nojiBeprajiK npeccoBaHHio npM TeMnepaType 620 C 
c BbiTHHCKoft B 10 pa3 H nojiyneHHeM Tpy6H0ti aaroTOBKn c toji- 
niMHoR CTeHKM 5,5 MM H BHeniHMM AHaweTpoM 33 MM. jJ^ee npec- 
5 coBaHHyiD Tpyfi^aTyio aaroTOBKy aaKajiHBajiH c TSMnepaTypH 
950°C CO CKopocTbK) oKOjio IOO°C/c, a aaTSM noflBeprajiM ot- 
KHry npH TeMnepaType 425°C. OTOKKeHHue aaroTOBKH noflBepra- 
JIH xojioflHofi o(5pa6oTKe no njrrnnpoKaTHOfi Ae$opMauMOHHofi 
cxewe c cywMapHOtl Ae^opMauHeii (no CTeHKe m AHaMeTpy) Ha 

10 nepBoW M nocjieflyKnuHX irpoKaTKax npH6;iM3HTeJibH0 b 50% h 

npoMBsyTotjHHMM oTKMraMM npH TeMnepaType 520°C. OKOH^aTejib- 
hhW otkmt nocjie xojioAHof? npoKaTKM npoBOffiuiH npw TeMnepa- 
Type 580°C. Ilocjie npoBe^eHHA onepai^iH aoboakh, nojiy^ajiH 
roTOBHe Tpydii A^aMeTpoM 9,15 mm c tojiiuhhoK CTeHKM 0,65 mm. 

15 IlpuMep 2 

Cnocod ocymecTBjiHJiH aHajioriwHo npwMepy I. PasjiH^ne coc- 
TOfljio b TOM, tiTo MaTepnaji coflepKaji b Mac.%: 0,8 hhoCSmh, 
1,0 ojioBa, 0,6 atejiesa m 0,01 xpoMa, otkht nepeji ropjWHM 
npeccoBaHHeM npoBOAHJiH npH TeMnepaType 650°C, ^ -saKajiKy 

20 npeccoBaHHoll TpyCnofi saroTOBKM npoBoflHjm c TeMnepaTypa 

900°e CO CKopocTfaio 500°C/c, a nocjieflyBiimfi otkht - npn TeM- 
nepaType 380°C. 
IIpHMep 3 

CnocoC ocymecTBJULJiH anajioriraHO npHMepy 2, PasjiH^we 
25 cocTOHJio B TOM, UTO MaTepHaji cojaepataji b Mac.%: 1,0 hho6i«i, 
0,3 jKeJieaa, 0,04 yrjiepoAa, 0,007 KpeMHHH, otkht nepefl ropjj- 
HHM npeccoBaHHew npoBOfliuiM npH TeMnepaType 520°C; ^ -sa- 
KajiKy iipeccoBaHHotl TpyCHofi aaroTOBKH npoBojuuiM c TeMnepa- 
Typu II00°C CO CKopocTbK) IO00°C/c, a nocjieflyxamift othcht - 
30 npH TeMnepaType 520°C. 
IIpMMep 4 

Cnoco6 ocymecTBJifljiH aHanoriWHO npuMepy 3. PaajiH^Me 
cocTOHJio B TOM, ^TO MaTepMBji coflepsaji B Mac.%: 1,5 ojiobe, 
0, 15 xpoMa, 0, 006 yrjiepojia. Otkht nepea ropjTJHM npeccbsaHHeM 
35 npoBo^iHJiM npM TeMnepaType 380°Cy^ -aaKajiKy ocymecTBJiiuiH c 
TewnepaTypu lOOO^C co cKopocTbio 60°e/cv-a nocjieflyioimrit ot- 
JKMT - npji TeMnepaType 450°C. ' - - - -- 
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IIpHMep 5 

Cnoco6 ocymecTBJiHJiH aHsuioriwHo npuMepy 4. F&snvnue 
cocTOJuio B TOM, VTO MaTepucui coflepsaji b Mac.%: 1,3 ojiosa, 
0,005 xpoMa, 0,005 KpeMHHH, 0,01 KMCJiopo^a, otkht nepefl 
5 ropjniMM npeccoBaHMeM npoBOAMJiH irpw TennepaType 620 C, 
y5-3aKajiKy npeccoBaHHoft Tpy6Hoft aaroTOBKH He AeJiajin, a 
no;iBeprajiH ee OTSHry npH Tewnepaiype 650 G. 
IlpHMep 6 

GnocoC ocymecTBJijuiH anajioriWHO npuMepy 4. Fasjimvie 
10 cocTOHJio B TOM, ^To MaTepHBji coflepKaji B Mac;^: 1,2 ojioBa, 
0,4 KeJiesa, 0,008 xpoMa, 0,005 yrjiepofla, 0,05 KHCJiopojia, 
0,15 KpeMHHH H oTRHra nepefl ropj»qHM npeccoBaHHeM ne npoBo- 

IlpHMep 7 

15 CnocoC ocymecTBJiHJiH anajiGrHtiHO npuMepy 6. PaajiH^Me 

COCTOJUIO B TOM, VTO MaTcpHaji coflepsaji 0,05 Mac.% KpeMHHii, 
He npoBOflHJiH y^-saKajiKy npeccoBaHHoft TpydHOft aaroTOBKH, 
a ee otkht npoBOffHjra npM TeMnepaType 520°C, 
IIpMMep 8 

20 Cnocod ocymecTBjuum aHajiorH^o npuMepy 7. PaBjiiroMe 

C0CT05UI0 B TOM, ^To MaTepMaji B Mac.% coAepacaji: 0,5 hhoCmk, 
1,0 ojioBa, 0,3 aejiesa, 0,2 xpoMa, 0,01 yrjiepofla, 0,15 khc- 
jiopofla, a OTKHT npeccoBaHHott aaroTOBKH iq)OBOjiHJiH npH TeM- 
nepaType 380°C. 

25 CojiepKaHHe KOMnoHeHTOB h peatHMu onepaqHft npeAJiarae- . 

Moro cnocoda jum Bcex npHMepoB npHBeAenu b Ta(3jiHDe I. 

XapaKTepHCTHKH CTpyKTypu m cboJIctb nojiy$a6pHKaTOB h roTo- 

BHX TpyC npHBBffeHH B TadjiHqe 2. ConpoTHBJieHHe paapymeHHio 

oi^eHHBajiH no anatieHHAM y^apHoJI bhskocth MaTepwajia nepeji 
30 nepBoH xojiojmoW npoKaTKoit h no aajimyoD MHKpoTpenmH nocjie 

nepBotI xojioflHofI npoKBTKH, vro TaicKe xapaKTepnayeT h sanac 

TexHOJiorwtiecKofl njiacTWiHocTM MaTepHajia. 

MHKpocTpyKTyi^y MaTepnajia totobux HSflejinR xapaKrepn- 

aoBajiM pasMepoM ochobhoI! MaccH ^acTHU BTopoW $a3u (MHTej)- 

35 MeTajUlHflOB), CpeflHHM MeKtiaCTM^IHHM paCCTOfiHHeM H JlOJteVL 

^acTHU Zr(m),Pe)2»Zr(Hb,0r,Pe),(Zr,Hb)3Pe 6 o6meM 

o6i>eMe sejiesocoAepKamnx ^aCTHi; BTopoft"$a3H. CsoltcTBa ro- 
TOBHX Tpy6 xapaKTepHs'oBajiH aHa^eHHjn^H'njiacTH^HocTH (yflJiH- 



HSHMh) npM TblTBHUH 06pa3U0B Ha paCT.' ^HHe B npOflOJIbHOM 

HanpaBJieHHM, no yBejiHtieHHio Beca ofipaaiioB b Bo^e aBTOKJiasa 
npn TeMnepaType 400°C b Te^eHHe 72 ^acoB m npM Tewnepa- 
Type 350°C b Te^eHHe 3000 xiacoB, no CKopocTH nojisytiecTM 
B TetieHHe 3000 tiacoB McnHTaHHfi npn TeMnepaType 350°C k 
HarpysKe 100- Mlla h no ;ie5)opMauHH pa^xnauHOHHoro pocTa 
npn odjiytieHHM o6pa3^oB jio $JiioeHca 5,4. 10^^ m""^ (E>0,I M3b) 

Ta6jiima I 
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CojiePKaHMe KOMnoHeHTos. Mac.% 
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8 


0,005 


0, 007 


0,06 


0, 009 


0,01 


0,007 


0,06 


0,009 


0,01 


0,04 


0,06 


0,007 


0, 15 


0, 006 


0,06 


0,007 


0,005 


0,006 


0,01 


0,005 


0,008 


0, 005 


0,05 


0,15 


0,008 


0, 005 


0,05 • 


0,05 


0,2 


0,01 


0, 15 


0,06 


Menee 
0,005 


Menee 
0, 005 


MeHee 
0,05 


MeHee 
0,005 


Menee 
0,005 


MeHee 
0,005 


MBHee 
0,05 


MeHee 
0,005 



IlpoflojiKeHMe Ta6jiHqbi I 



npM- 
Me- : 
pa 



TeMnepaiypa 
OTSHPa ne«> 
pefl ropntiMM 
izpeccoBaHH- 
eM, oq 



PeStHM A-3aKaJTKM 



TeMnepa- 
Typa, Oq 



CKOpOCTb 
OXJiaJKAeHMH, 

°c 



TeMnepaTypa 

OTscHra nepefl 
neDBoil xojioA- 
Hon npoKaTKoft, 



10 



II 



12 



I 
2 
3 
4 
5 



620 
650 
520 
380 
620 



950 
900 
IIOO 
1000 



100 
500 
1000 
60 



425 
380 
520 
450 
650 



wo 94/23081 



PCT/RU93/00180 
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IIpoffojiKeHHe TafijiHqbi I 




n^ii 'PHKaTOB 
Me- ly^apHaji 

pa BHSKOCTb 

aaroTOB- 

'naxmei! 
.Ha I-D 
"xojroflHyio 
jUpoKaTKy 



nojQrgpao- 
iHajiHTiHe 

MHKpo- 

rTpemwH 
nocjre 

XOJIOJlHOft 

inpoKaTKH 



TadjiMqa 2 

^paKTepHCTMKH XlaCTII^ BTOPO" 



Paawep 

OCHOB- 
HOJ! 

Maccu 
•qacTim. 

MKM 



TPVt5 



• CpeflHee zjlojm tiacTHU 

:Hoe pac- : ZrCNbJcr,Fe ) 
CTOflHHe , C Zr ,Nb )35.g 



:mkm 



IB oCmew odxe- 
Me ^acTim 
iBTopofi diasti. 



I 

2 

3 

4 

5 

6 

7 

6 

9 

10 



220 
200 
210 



180 
230 
175 
160 
100 
120 



HBT 

HCT 

HGT 

HBT 

HBT 

HBT 

HBT 

HBT 

eCTb 

HBT 



Menee 0,1 
0,1 
0,1 
0,09 
0, 15 
0,1 
0,13 
0, II 



0,23 
0,23 
0,24 
0,22 
0,30 
0,23 
0,28 
0,26 



80 

80 

75 

85 

60 

70 

65 

80 



MBHee 0,1 0,45 Menee 50 
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10 



15 



npH- 
pa 



CsofiCTBa MaTepHajia totobux Tpy6 



HHe B 
OCeBOM 

HanpaB- 

JieHHH, 



:yBejnraeHHe Beca:CKopocTb 
B BOfle aBTOKjia- nojisjoiec- 
mt/ju^ -tm npM 



.400°C, 
• 72ti 



:350°C 
SOOOti 



I 


7 


8 


9 


I 


44 


17,8 


40,2 


2 


44 


17,4 


39,5 


3 


43 


18,5 


42,1 


4 


45 


17,0 


38,4 


5 


36 


20,7 


57,1 


6 


47 


18.0 


41,3 


7 


38 


19,6 


48,2 


8 


40 


18,8 


44,1 


9 








10 


46 


23,1 


65,3 



350^0^ 
•STs 100 Mlla" 
:3a 3000ti, 

: 10-5%/ti 



1,7 
1,6 
1,4 
1,3 
1,8 
1,3 
1,6 
1,2 



.Ae^JopMaifliji 

paflHauHOHHoro 
pocTa npn $jiK)- 
eHce 

5,4.10-26^-2 
(E>0,I M3B),5g 



0,30 

0,27 

0,32 

0,35 

0,35 

0,38 

0,43 

0,40 

0,60 



KaK Bvimo K3 npHBefleHHHx npHMepoB McnojibsoBaHHe npeji- 
JiaraeMoro MarepKajia h cnocoda nojiyneraiH MSAejiHJI hs Hero 
oCecnexiHBaeT (|opMJipoBaHHe b MaTepnajie HaAejiiw oflHopojwoft 
CTpjTKTypH c MejiKo^xHcnepcHHM H pasHOMepHUM pacnpeAejieHHeM 
^acTH^ BTopoJi $a3H, 6o^ee 60 o6.% , KOTopoft cocTaBJiflDT 
^acTHijj HHTepMeTajuiimoB Zr(Hb,Pe)2 »Zr(Nb,Or,Pe) , 

(Zr,jJb)3 • S pesyjibTBTe $opMMpoBaHMH TaKoft mhkdo- 

CTpyKTypa MaTepnaji visnejim voJieeT BHcoKoe conpoTMBjieHwe 
paspynieHUH), noBumeHHyjo luiacTHUHocTb h conpoTHBjieHHe Kop- 

P03MH, BHCOKyB CTOliKOCTb K paflHai;MOHHOMy pociy H HHSKVIO 

CKopocTb nojisyrjecTM. 

to cpaBHeHHH B npHMepax 9 h 10 (Ta6jttm • I h 2) npn- 
BCfleH cnoco6 MsroTOBjieHWH Tpy6, ocymecTBjieHHbrtl no M3BecT- 
HOW TexHOJiorHH (us , A, n 4649023 npoTOTun). npn 3tom 
B npMMepe 9 TaKoft odpadoTKe no^iBeprajicfl MaTepnaji c bhcokmm 



wo 94/23081 

PCT/RUP3/00180 

PW.aiwoHHa« OToa^'r"' ^"'^^'•"^ npot«ooT^ H 8bcok;« 



SOPMyjU H3QBPt.£HHH 
Z ™.'r°' '"'^""P"^- "P-"""". " H-e- 



HMoCHfi - 0,5-1,5 

ojioBo - 0,9-1,5 

10 atejieao - 0,3-0,6 

xpoM - 0,005-0,2 

yrjtepop, - 0,005-0,04 " " 

KHcjiopofl - 0,05-0,15 

Kpe»aHHJ! - 0,005-0,15 

15 impKOHHft - OCTHJIbHOe, 

KHCaropo;^. KpeMHHfl. m^pK^HH?!- OCHOBa M ;n.^ ; ^""^^^^^ 

mHx HHTepMeTa^^oB, o t ^ « ^ a e ™°°°«^P«^- 

meHMM, Mac.%: "«eHTH b cjieflyicmeM cootho- 

HMOdMft - 0,5-1,5 

30 OJIOBO - 0,9-1 5 

Kejieao - 0,3-0,6 

xpoM - 0,005-0,2 

yrjiepofl - 0,005-0,04 

KHCJiopofl - 0,05-0,15 

35 KpeMHMf! - 0,005-0,15 

mpKomH - ocTajibHoe, 
a MHKpocTpyKTypa usAejinn npe^cTasjiHeT cn6n« 
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$op„08a^K« ^°™' "r^"""^ aaroTOBKM nyreM ropn^ero 

"W« KoloHeHL B -ono^i.syTOT MaTep„a^. coflep«a- 

ojioBo - 0,9-1,5 

Kejieso - 0,3-0,6 
20 xpoM - 0,005-0,2 

yrjiepo^i - 0,005-0,04 
KHCJiopoA - 0,(B-0,I5 
KpewHim - 0,005-0,15 
iWpKOHHfl - ocTanbHoe. 

nepaiype ot 380°C^o^SSc;" 3aroTOB«y oT^Kraw „p„ ^eM- 

4. CnocoC no n.3, OTaBTiamn.„« 

nocae eeTa-o6paOoTKH neue!. ^n^=L f = « tom, nro 

5. Cnoco6 no n.3 luiM 4, o t ji h « « « „ „ n 

MoepraiDT 3aKajrKe c TeMnepaTyrw ot 900°c tthao^ 

6. Cnoco6 no n.5, OT;iMuaiotnMf»« 

3aKa^ oc^ecB.^ cKoJoc^ro: e^cX\l l^ocT. 



A. CLASSIFICATION OF SU- CT MATTER 

Int. CI. 5 C22C 16/00, C22F 1/18 

Ac«rding to lDi«MtioMl P»tcat gissiTicition QTQ or to boih natioBat dwificatton «nd IPC 



B. FIELDS SEARCHED 



MiBhran doewieniaiioB •anted (duMneaiioB •jniein followed by dutinodoD symboli) 

Int. CI. 5 C22C 16/00, C22F 1/16.1/18 



DocMBcaatioB Matcbed other ttaan BtiaiBUS documentation to the extent that audi documema are ioduded in the fidds aearcfaed 



ElecBoaic dau hue coaanlied during the iDnsatioDai aeaieb Inane of dau baae and. where pracucabie. scardi term* used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



CiiBgDiy* 



Gutiaa of docunent, with iBdieation, wfaeie annbpriiie, of the rdevant passages 



Rdevant to daim No. 



A 
A 
A 
A 



OE.Al .2607146 (GENERAL ELECTRIC CO), 2 September 1976 
(02.09.76) 

DE.AI .2432664 (AB AT0MENER6I; NYKOPING et al).30 
January 1975 (30.01.75) 

EP.AI. 0415134 (WESTINGHOUSE ELECTRIC CORPORATION), 6 
March 1991 (06.03.91) 

US.A,5019333 (MITSUBISHI METAL CORPRATION et al) 
28 May 1991 (28.05.91) 



1-6 
1-2 
1-6 
1-2 



i I FcBtfaerdoettaeBtSHelittodinliwcsotimationorBaaiC Sec pateot Crnuly snitex. 



-T" l aia t <ecnmta« publi«h«< a tieriha iatcra* tton»l B&ag data or prioiity 
dale and not to conflict with the oppttoation bat died mi' 
t deOidat ib« fnm> wtsof Ite an whlA Isaot coBCidefad ^ ^adpla er ihaoiy Mitfcflriag iba iavaatipa 



Millw ilnninmai liai iiaMiitiul nn ni afii i ttm lau raitlnnil mini itirn ^ ^oattMXot vmr^Ut ttkn^^nsti ^hm ^ ^ ^ 

d o a uMai wkkb maef tfarov dauha m priority dala(t) or whkh H gicp the tfocasMat ia lakca aloae 

yid y^acay^ data of aaotbar cittitoa or other .... 

docM am nfairiai ^ ** diadoam, oaa, axblbitlDa or 

dom— atpnHliVad prior to Ibatoiwattooal HUag data bat U» 
tbs priority data dalMd 



of panicslar telcvaacB: tha dataaad laweoiieo canoot ba 

eo&aidcrad to iavelva aa iovaailva atap wbaa iIm docomaai la 
ODBbiaed witb oae or motm ether aaeh doc»aicats,8VGb eonbiaatioa 
beiogobvieat to a peiioa akUlad la the an 



"St!" 



of thai 



UaUy 



Date of tbe acnul ooopletioo of the imematiooal search 

28 October 1993 (28-10.93) 



Name and msiling address of tbe ISA/ RU: 



Facsimile No. 



Date of mailing of the intemattoasl search report 

08 December 1993 (08.12.93) 



Authorized of ftcer 



Telephone No. 



Ford PCr/2SA/210 (tecond sheet) (July 1992) 



£♦ OEJIACTM nOM CKAT , 

inpOBepeHHUft MHHHMyM ^OKyMBH TaUHH ( CHCTeMa K;iaCCH4.HKaUHH H HH- 

C22 C 16/00 > C22F 1/16,1/18 

Ijipyraa npoBepeHwaH ^lOKyMeHTauHS b TOfi Mepe, b Kanofl OHa bk;»o- 

MSHa B nOHCKOBHe nOAOOpKH: 



HHC 6a3M. H, eCJIH B03MOgHO« nOHCKOBHe TepMWHMj. 



t HaaBa- 



ic. flOKYMEHIH, CTMTAK>IIlMECfl PEJIEBAHTHHMM 



Kaxero- 
pHfl *) 

X 
A 
A 
A 



CcMJiKH Ha aoKyMCHTH c yKasaHHCM, rae bto 
B03M0XH0, peaeBa HTHHX MacTeft ^ 

DE.Al, 2607146 (GENERAL ELECTRIC CO), 2 ceH 
TH^PH 1976 (02.09.76) 

DE,A1. 2432664 (AB ATOMENERGI , NYKOPING H 
apyrMe),30 aHsapa 1975 (30.01.75) 

EP.Al, 0415134 (WESTINCTOUSE ELECTRIC CO- 
RPORAilON), 6 Mapra 1991 (06.03.91) 

US,A.5019333 IMITSUBISHI MgAL CORPORATI- 
ON M «p3rrMe),28 Mas 1991 (2B.OS.8Xi 



[OTHOCHTCfl K 

nyHKTy No . 
1-6 
1-2 

1-2 

:-aHaJio- 
:eHHH 



* 0co6ue KaxeropHH ccmjxohkhx 
••A* -AOKyMeHT, onpejieafliomHft oo- 

VHII ypOBeHB TeXHHKH* 

"B" -eojiee paHHHfli aoKyneHT* ho 
onyeuMKOBaHHMft Ha Aary 
MesAyHapoAHon noAann hjxh 
nocjie Hoo. ^ ^ 

"0" -AOKyMOHT* OTHOCHBlMfiCH K 

yCTHOMy paCKPMTHIO, 3Kcno- 
HHpOBaHHlO H T.A. 

••P" -AOKyMOKT^ Ony6jlMKOBaHHW<l AO 

AaxM MejKAyHapoAHOll noAaHH» 
HO nocAe AaTU HcnpasHBae- 
Moro npHopHTCTa. 



T**-6ojiee nosAHHD AQKyneHT, 
ony6AHKOBaHHHfl nocjie 
Aant npHopHTexa h npM- 

BeAeHHUD JUtB nOHMMaHHfi 
H30DpeTeHHfl • 
'•X'*-AOKyMeHT» HMOIOiaHft HaH- 

6ojiee 6jiH3Koe oTHonoHHe 
K npeAMery noHCxa* no- 

pOHamHA HOBH3Hy H H300- 

peTaTejii>cxHD ypoBOHfc. 
••y-AOKyneHT* nopoHamnft M30 
opeTaTeJifeCKMfl ypoBeHb b 

COHeTaHHH O OAHHM HAH 
HeCKOJXbKHMH AOKyMSHXaMH 

TOA xe KareropHH. 

'•&"'-AOKyMeHT » HBUHWIUHftCH 

naTeHTOM-anaAoroM • 



Aaxa A©AcTBMTeJii.Horo 3aBepiiie- 
HHH MaJKAynapoAHoro noHOga 
28 OKTg6 pa 1993 (28, 10 > 93) 

I HaHMeHOBaHHe h aAPec MeKAyna- 
poAHoro noHOKOBoro opraua: 

BcepocoMftcxMft 
HayMHO-HccJioAOBaTejibCKHn hhcth 
Tyr rocyAapcTBOHHofi "^^^?252^ 




ILaTa oTnpaBKH HacTonmero ox- 

YnojiHOMOHeHHOo JiHUo: 

r .JiyKHHa 
reji. (095)240-58-22 



114818 nOflA^ 



